Backgrounds: As one of the major public health problems, the hepatitis B virus (HBV) infection would activate the immune system. The outcome of HBV infection was affect significantly by the interactions between HBV and host immune response. Interleukins play important role in anti-viral immunity. Here we investigated the role of interleukin-35 (IL-35) in chronic HBV infection patients. Methods/Results: Serum IL-35 in 72 chronic hepatitis B virus infection patients and 41 healthy control subjects were analyzed by ELISA assay. The mRNA level of IL-35 in PBMCs was determined by RT-qPCR. In this study, we found that both protein and mRNA levels of IL-35 were significantly decreased in chronic HBV patients compared to the healthy controls. Furthermore, the statistical analysis found that serum IL-35 was significantly associated with HBV DNA (P =0.0158), ALT (P =0.0003), AST (P =0.0216), TB (P =0.0270) and AFP (P =0.0369). Importantly, correlation analysis also found that serum IL-35 level was negatively correlated with HBV DNA copies, ALT, AST, TB and AFP. Meanwhile, IL-35 treatment inhibited the level of HBV DNA, HBsAg and HBeAg in HepAD38 cells. Conclusion: Our study identified that IL-35 may be a novel marker associated with HBV infection and hepatocytes injury. These data suggested the potential use of IL-35 in the HBV treatment.
Introduction
Chronic hepatitis B virus infection is a major global health problem. Approximately 2 billion people have been infected with hepatitis B virus (HBV) and 350-400 million people have been identified as carriers of the chronic HBV [1] . HBV consists of a 3.2kb partially double-stranded, relaxed-circular DNA (rcDNA) genome. The rcDNA could converted into covalently closed circular DNA (cccDNA) which serve as the template for the synthesis of all viral RNAs, including the 3.5kb, 2.4kb, 2.1kb and 0.7kb mRNAs. Although HBV is a DNA virus, there is reverse transcription process in HBV life cycle. Briefly, the pregenomic RNA (3.5kb mRNA) could reverse transcript to generate DNA. And the DNA is further encapsulated by viral proteins to form mature viral particles which would be the potential reason for the failure of viral clearance and relapse of viral activity [2] . It is reported that HBV infection could activate the immune system and induce extensive inflammatory response. Growing evidence supported that cytokine-mediated immune response plays an important role in clinical outcomes of HBV Ivyspring International Publisher infection [3] [4] . Many immune factors were involved in the HBV infection including classical immune factors, transforming growth factor-β (TGF-β) [5] , tumor necrosis factor-α (TNF-α) [6] , and members of the interleukin family such as interleukin-6 [7] and interluekin-23 [8] .
Interleukin-35 (IL-35) has been recognized as a novel member of IL-12 family which composed of IL-12α and IL-27β chains and encoded by two separate genes called IL-12A and EBI3, respectively. IL-35 is a responsive anti-inflammatory cytokine [9] implicated in many pathology processes. It has been reported that serum IL-35 level was significantly decreased in patients with acute motor axonal neuropathy [10] and rheumatoid arthritis [11] . Meanwhile, other studies showed that elevated serum levels of IL-35 associated with the immune tolerance in normal pregnancy [12] and autoimmune encephalomyelitis [13] . As for virus, interleukin-35 is upregulated in response to influenza virus infection [14] . However, the association between IL-35 and HBV infection has not been reported yet. In this study, we analyzed the relationship between IL-35 and HBV infection. Serum IL-35 and IL-35 mRNA were significantly downregulated in chronic HBV patients compared to the healthy controls. Serum IL-35 was significantly associated with HBV DNA, ALT, AST, TB and AFP. This research aims to understand the interactions between the IL-35 and the virus in vivo, providing a new aspect for the prevention and treatment of the virus. 
Materials and methods

Patients selection
Enzyme linked immunosorbent assay (ELISA)
The chronic HBV infection patients' full blood were collected and centrifuged to obtain the serum. 
Peripheral blood mononuclear cells (PBMCs) preparation
The PBMCs were isolated from blood of chronic HBV patients by using Ficoll kit (Catalog no. LTS1077).
Real-time PCR
The total RNAs in PBMCs were extracted by TRNzol (Catalog no. P5019, TIANGEN, Beijing, China) methods. The expression values of target genes were determined according to the 2 -△△Ct method [15] . The following primers were used for RT-qPCR: IL-35 specific primers: forward primer, 5'-TGTTCTCCATGGCTCCCTA-3', reverse primer, 5'-TTATGAAAGGCACGAAGCTG-3'. β-actin specific primers: forward primer, 5'-CTCTTCCAGCCTTCC TTCCT-3', reverse primer, 5'-AGCACTGTGTTGG CGTACAG-3'.
The absolute quantification of the HBV DNA was detected using Fast Start Universal SYBR Green Master (Catalog no. 06924204001, Roche, Mannheim, Germany). The sequences of the primers are as follows: forward, 5'-CCTAGTAGTCAGTTATGTCAA C-3', reverse, 5'-TCTATAAGCTGGAGGAGTGCGA-3'.
Cell culture
HepAD38 cells were purchased from the Shanghai Second Military Medical University and cultured in Dulbecco's modified Eagle medium (DMEM) (Catalog no. 10-010-CVR, Corning, New York, USA) with 10% fetal bovine serum (FBS) and 400 ug of G418 (Catalog no. 345810, Merck, Germany) per ml.
Statistical analysis
Results of patients are expressed as medium (interquartile range). Manne-Whitney rank test was used to assess the difference between two groups. Correlations between IL-35 and clinicopathologic parameters were analyzed by Spearman's rank test and nonparametric χ 2 test. Results of cell models are expressed as mean±SD and compared by the Student's t-test. P<0.05 was considered statistically different. The SPSS 19.0 software was used to analyze the data.
Results
Characteristics of the subjects enrolled in the study
This study consisted of 72 chronic HBV patients and 41 healthy control subjects. The clinical background of the patients and healthy controls were described in Table 1 . As shown in Table 1 , all the patients in HBV group were HBsAg and HBV DNA positive. Comparison with control group, the serum level of total protein and albumin in HBV group were obviously decreased. As the total protein and albumin is mainly synthesized in liver, the decreased level of those two proteins suggesting the impaired physiological function of the liver. Furthermore, liver injury index was detected. The serum concentrations of alkanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TB), direct bilirubin (DB) and alpha-fetoprotein (AFP) were significantly increased in chronic HBV patient group compared to the healthy control group, indicating the hepatocytes injury caused by HBV infection.
IL-35 expression in HBV patients
To investigate whether IL-35 plays a role in the process of HBV infection, we first determined the serum concentrations of IL-35 in HBV patients ( Figure  1A) . The serum IL-35 in HBV patient group (median: 107.01 pg/ml) was significantly decreased compared to control group (median: 190.41 pg/ml), which suggesting the potential relationship between IL-35 and HBV infection. For further study, we isolated the PBMCs from patients. Total RNAs were extracted and the mRNA level of IL-35 was determined by RT-qPCR ( Figure 1B) . Consistently, the mRNA levels of IL-35 in PBMCs from HBV patients were markedly decreased compared to healthy subjects. These data suggested that IL-35 play an important role in the process of HBV infection. 
Correlation between IL-35 expression and HBV DNA copies
The HBV genome is a relaxed circular partially double-stranded DNA (rcDNA) of approximately 3200bp. Determination of the serum HBV DNA level could predict the efficacy of antiviral therapy [16] [17] . Therefore, we analyzed the correlation of IL-35 and HBV DNA copies (Figure 2A) . The serum concentrations of IL-35 was negatively correlated with HBV DNA copies (Speraman's rank = -0.2836, p = 0.0158). These data indicated that determination of the levels of IL-35 could provide crucial information to point the HBV DNA level. 
The correlation between IL-35 and liver injuries
ALT, AST, TB and DB are the common index to reflect the liver damage in clinical practice. Therefore, we studied the association between IL-35 expression and liver injuries (Figure 3A-D) . We found that there was a negative correlation between IL- 35 Considering that HBV infection is one of the leading causes of hepatocellular carcinoma (HCC) [18] , we also analyzed the HCC marker AFP. IL-35 was negatively related to AFP concentration ( Figure  3E , Speraman's rank = -0.2464, p = 0.0369). These data indicated that IL-35 may be used for HBV prognosis prediction.
Correlation between IL-35 and clinical parameters in chronic HBV patients
To elucidate the potential correlation between IL-35 and clinical parameters, we divided the HBV patients into two groups (low expression: IL-35<100 pg/ml, high expression: IL-35>100 pg/ml) according to the serum concentrations of IL-35. Table 2 provided an overview of the included analyses. Among the 72 cases, 31 cases showed low expression of IL-35 and 41 cases showed high expression of IL-35. As shown in Table 2 
IL-35 inhibited HBV replication in vitro
HepAD38 cells can stably expressing HBV where HBV genome integrates into host genome and the expression of HBV can be regulated by tetracycline. To further explore the functional role of IL-35 in HBV replication in vitro, HepAD38 cells were treated with different concentrations of rhIL-35 and the level of HBV DNA replicative intermediates were detected by real-time PCR (Figure 4A) . As shown in Figure 4A , IL-35 treatment resulted in decreased of HBV DNA level. Furthermore, the secretion levels of HBsAg and HBeAg in supernatant were moderately decreased which detected by ELISA assay (Figure 4B-C) . 
Discussion
As HBV is a non-cytopathic virus, immune-mediated host reactions play a pivotal role in both HBV-related liver damage and viral control. IL-12 family includes interleukin-6 (IL-6), interleukin-12 (IL-12), interleukin-23 (IL-23), interleukin-27 (IL-27) and interleukin-35 (IL-35). Many members of this family are reported to be involved in the HBV infection. IL-6 expression is upregulated by hepatitis B virus core antigen and middle S antigen via p38 MAPK/NF-κB pathways [19] [20] . Meanwhile, serum IL-23 level in HBeAg-positive HBV infection patients before therapy could be used to predict the therapeutic response to interferon (IFN) [21] . In addition, serum IL-27 is elevated in HBV patients [22] and IL-27 treatment could inhibit HBV replication [23] . It is also reported that IL-12 expression in HBV patients is significantly different from the healthy subjects [24] . However, the relationship between IL-35 and HBV replication has not been reported yet. In this study, we found that serum IL-35 and IL-35 mRNA were significantly decreased in chronic HBV infection patients, suggesting the possible role of IL-35 in HBV infection.
In the field of hepatitis virus, Langhans et al. [25] have reported that hepatitis C virus (HCV) core specific Treg cells could suppress the immune response through IL-35, indicating that IL-35 may serve as an immune suppressor in HCV infection. To further elucidate the function of abnormally expression of IL-35 in HBV infection patients, we analyzed the correlations between IL-35 concentration and liver injury markers. Due to the differences in patient screening criteria and the restrictions of patient number, Shi M et al. [26] found that serum IL-35 levels in patients with hepatitis B-related liver cirrhosis were negatively correlated with albumin, but not with ALT. However, our study found that serum IL-35 level negatively correlated with ALT and AST. The correlation between IL-35 and ALT and AST demonstrated the possibility that IL-35 may work as a new marker of liver damage. In addition, some studies report that IL-35 is associated with hepatocellular carcinoma (HCC) progression [27] , aggressiveness and recurrence [28] which support our finding that IL-35 was negatively related to tumor marker AFP. The recent studies demonstrate that IL-35 could function through multiple pathways. It is reported that increased interleukin-35 level in colorectal cancer could activate STAT1/STAT3 to suppress T cell proliferation [29] . Meanwhile, Epstein-Barr virus-induced gene 3 (EBI3), the subunit of IL-35, may assist the tumor escape immune surveillance via STAT3 signaling pathway [30] . Importantly, the STATx pathways is involved in the pathology process of HBV infection. Matrix metalloproteinase-9 (MMP-9) could repress the STAT signaling pathway to facilitates HBV replication [31] . Additionally, IL-6 could reactivate HBV in liver through STAT3 signaling pathway [32] . In vitro, ubiquitin-specific protease 18 [33] , transmembrane protein TMEM2 [34] and the novel liver-targeting interferon (IFN-CSP) [35] could inhibit the HBV infection through the JAK-STAT signaling pathway. The above studies strongly suggest that IL-35 may regulate the HBV infection through STATx pathways.
PBMCs play an important role in anti-viral responses. In vivo, it has found that the dysfunction of PBMC may monitor HBV load and the immune states to regulate the HBV chronic infection and tolerance [36] . In vitro, it showed that PBMC-derived dendritic cells from HBV patients would suppress HBV replication [37] . Consistently, our data showed that the IL-35 mRNA in PBMCs of chronic HBV patients was obviously decreased compared to healthy subjects. This change would alter the immune response to HBV infection.
In summary, this study deeps our understanding of the role of IL-35 in HBV infection, especially on the outcomes and clinical significance of HBV infection. The relationship between IL-35 and clinical parameters may be a potential marker in HBV infection. Further studies are needed to investigate the underlying mechanism of IL-35 in HBV infection.
